' v v
- NASA TECHNICAL TRANSLATION NASA TT F-15,542

RESULTS OF RADIO EMISSION OBSERVATION FROM THE PLANET MARS
ACCORDING TO DATA OF THE EXPERIMENT ON THE "MARS-3" AUTOMATIC
SPACE STATION

A. Ye. Basharinov, Yu. P. Vetukhnovskaya, V. P. Galakionov,
I. B. Drozdovskaya, S. T. Yegorov, M. A. Kolosov,

V. D. Krotikov, N. N, Krupenio, A, D. Kuz'min, V. A, Lodygin,
L. I. Malafeyev, Ye. P. Omel'chenko, V. S. Troitskiy,

N. Ya. Shapirovskaya, A. M. Shutko, 0. B. Shchuko

(NASA-TT-F=-15542) RESULTS OF RADIO N74-26298

EMISSION OBSERVATION FEOM THE PLANET MARS

ACCORDING TO DATA OF THE EXPERIMENT ON

THE (Linguistic Systems, Inc., Cambridge, Unclas
63730 40858

Mass.) 11 p HC $4.00 CSCL 03B

Translation of: "Rezul'taty nablyudeniya radio-
izlucheniya planety Mars po dannym eksperimenta na

AMS "Mars-3", Kosmicheskiye
Issledovaniya, Vol. 11, No. 5, Sept. - Oet. 1973,
pp. 803-806.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 MAY 1974



STANDARD TITLE PAGE

1. Report No, 2. Governmeont Accesslon No. . Reclplent]s Catalog No. i
NASA TT F- 15,542
4, Title and Subtitie 3. Report Date

RESULTS OF RADIO EMISSION OBSERVATION FROM
THE PLANET MARS ACCORDING TO DATA OF THE EX-

PERIMENT ON THE "MARS—B" AUTCMATTC SPACE STATTON 6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No,

A. Ye. Basharinov, et al

10. Work Unit No,

11, C ¢ G N
9, Performing Organizatlon Name and Address Mtk A CHADEmIA

LINGUISTIC SYSTEMS, INC. NASW-24E2

116 AUSTIN STREET 13. Type of Report & Period Covered
CAMBRIDGE, MASSACHUSETTS 02139
TRANSLATION

12. Sponsoring Agency Name and Address

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 14, Spaoansoring Agancy Code

15. Supplementary Notes

Translation of: "Rezul'taty nablyudeniya radioizl cheniya

planety Mars po dannym eksperimenta na AMS "Mars-3",
Kosmicheskiye Issledovaniya, Vol. 11, No. 5,

Sept.-Oct. 1973, pp. B803-806.

ﬂ%gmﬁg%s—3 planetary probe was equipped with an automatically
operating radiotelescope and a radiometer to measure the
brightness temperature of the planet at the 3.4 ecm wavelength.
During the period from December 1971 to February 1872, the
radiometer performed six measurement sessions. The data-
processing results of the values for effective surface tempera-~
ture and dielectric constant of the surface material are
presented in three sets of curves in this paper. They show
that the dielectric constant variles from 2 to 7 witg a 3.5
average value, which corresponds to 1.1 to 1.9 g/cm~ density
of martian rock. Temperature variations from approximately
190*°K to 240 °K are also observed.

17. Key Words (Selected by Author(s}) 18. Distribution Statement

UNCLASSIFIED - UNLIMITED

19. Securlty Classif. {(of this report) 20. Securlty Classlf. (of this page) 21. No. of Pages 22. Price

UNCLASSIFIED UNCLASSIFIED

Yl

PRECEDING PAGE BLANK NOT FILME



RESULTS OF RADIO EMISSIONﬂéBSERVATION FROM THE PLANET MARS
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I. B. Drozdovskaya, 5. T. Yegorov, M. A. Kolosov,
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L. I. Malafeyev, Ye. P. Omel'chenko, V. S. Troltskiy,
N. Ya. Shapirovskaya, A. M. Shutko, 0. B. Shchuko

Radioastronomical measurements of Mars make it possible to /803%
study the temperature and permittivity of the surface
layers of the planet. A substantial limitation of ground radio-
astronomical observations 1s the small resolving power. Even
with the largest ground radiotelescopes, it is possible to measure
only the mean brightness temperature along the disk and todetermine the
parameters which are average for the whole hemisphere visible
from the earth. In order to obtain comparative characteristics
of the various regions of Mars, however, there is required a radio-
telescope the dimensions of which cannot be realized on the basis
of modern technology. But in making measurements from a fly-past
or orbital apparatus, sufficiently high resolution may be obtained

with the aid of a radiotelescope of small dimensions.

On the automatic interplanetary station "Mars-3," put into
an artificial Mars satellite orbit, an automatically operating
radiotelescope was set up with antenna diameter of 0.6
m, designed to measure the brightness temperature of the natural
radio emission of the planet at a wavelength of A=3.4 em in two
linear orthogonal polarizations. The scheme of the radiometer

envisaged the formation at the outlet of a voltage proportional

¥Numbers in the margin indicate pagination in the foreign text.



to the sum and the difference of intensities of radio emission in

the indicated polarizations.

The antenna of the radiotelescope was rigidly attached to the
body of the orbital apparatus (OA). The orientation of the
electrical axis of the radiotelescope coincided with the orienta-
tion of the optical axes of the instruments for measurements in
optical and infrared ranges. The trail of the axis on the surface
for each broadcast was presented in work [1]. The width of the
antenna directivity pattern of the radiotelescope accor-
ding to the level of half-power was ~ L4°, 1In the region of
periares of the orbit, the linear resolution along the surface
was ~ 100 km.

The sensitivity of the radiometer was ~ 1° K with a constant per-
iod of 1 sec. The radiometer was switched on before the 0A
passed through the periares of the orbit, the length of each
measurement session was a~ 25 min. During the period from
December 1971 through February 1972 six measurement Sessions
were made: December 15 and 27, 1971; January 9, 1972; November
3, 16, and 28, 1972.

For calibration of the intensity of the radiation being
received, the switching on of the approved charge instead of the
support speaker was stipulated. The orientation of the support

speaker was chosen in such a manner as to exclude its direction
Lo fhe planet @gnd €to the su:.

Preliminary data from processing of the results of measure-
ments according to two sessilons were published iIn [2]. 1In this
work, the results of processing for all six sessions are

presented.



For a smooth surface in comparison with a long surface wave,
the emissivity is determined by the formulas of Fresnel.
Therefore, supposing that the surface layer is homogeneous in
depth, we have the following relationships for the half-sum Tas
and the difference Tad of the antenna temperatures in the two
orthogonal polarizations:

To="fT(E;+EL) (1-B); Toa= T (Ey—EL) (1B

where Ey and E; are the emissivities of the surface in
two orthogonal polarizations:

: 4e cos ) Ye—sin? 0 4 cos U ye—~sin® 0
Ey= 0O8% Y 4 ———— ——

(ecosU+ye—sint0)2 (cos 0+ r—sin® 0)2

sin?y,

4e cos 0 Ye—sin® 0 Acosl) }’i:_-_sEFl_)_
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T,is the effective temperature of the surface, € is the permittivity,
B 1s the coefficient of dispersion of the antenna direc-

tivity pattern outside of the main and near side

lobes, B 1s the angle between the direction of the local normal

and the electrical axis of the antenna, y is the angle between

the orientation of polarization of the antenna and the direction

of vertical polarization.

The angles 6 and y are determined by conditions of the
geometry of measurements in each broadcast, the size of B
known according to data of’the antenna measurements. According
to the measurements of the size of Tas and Tad at the observation
point, the two unknowns T and &€ were determined. The temperature
determined as a result of our measurements 1s the effective

temperature emission of the surface at the given wave:



=S BN
e !T(y} oy Pk (M) y/cos 81y, k(h) s

the coefficient of absorption of electromagnetic emission. This
temperature is approximately equal to the kinetic temperature at

a depth Ee =1/k()) of penetration of the electromagnetic wave [3]. Ac-
cordingfﬂidatacﬁ‘groundr@dioastronomicalnmasurements[4,5],£é=(ﬂ—m
lD}ltA, where ltis the depth of penetration of the daily heat

wave. Thus it may be considered that our measurements of tempera-

ture refer to a depth of {.= (14%34)f:, §+= 3-5.5 cm.
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Fig. 1. Dependence of € and T on time of measurements. Ses-

sion of December 15, 1971.



The results of determination of € and T according to the
measured sum and difference in intensities of radio emission are
presented in Figs. 1-3 for all measurement sessions, except
for the session of PFebruary 3, 1972, the measurements of which
were completed earlier than was planned. In addition, the data
of measurements were averaged for a time interval of 15 sec.
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Fig. 2. Dependence of € and T on time of measurements. Sessions
of December 27, 1971 (A) and February 9, 1972 (B).

a - Mare Australe; b - Depressio Hellespontica, ¢ - Hellespontus,
d - Yaonis Reg., e - Iapagia, f - Denotria Crocea, g - Syrtis
Major, h - Isidis Regio. i1 - Mare Australe, j - Nereidum Fretum,
k - Argyre I, 1 - Mare Erythraem, m - Pyrrhae Regio, n - Mar-
garitifer Sinus, o - Aram-Oxia Palus, p - Oxia-Thymiamata,

r - Deuteronilus

The permittivity of a substance of the surface layer accord- /805

according to data from six sessions changes within the



limits of 2-7. The average amount of ¢ of the Martian soil along
the trail of the antenna was € = 3.5, which is higher than the
average e for the lunar surface in the same range of waves. The
amount of € obtained by us corresponds to the density of Martian
rocks p = 1.1-1.9 g/cm® [6].

Maximum amounts of permittivity were obtained
both in the dark and in the light regions: Syrtis Major (dark),
Cerberus (dark), Mare Erythraeum (dark), Ausonia (light), Isidis
Regio (light). Minimal amounts were noted in the régions of;

Aeolis (light), Nereidum Fretum (dark), Merroe (11lght]) .

Determination of the permittivity was made on
the supposition of a smooth, spherical surface. Calculation of
the possible roughness or large-dimension inclinations may change

the indicated amounts of e.

The measurements made revealed a broad dependency of tempera-
ture for all six sessions. TFor conditions of measurements of
each session, besides that of February 28, 1972, the expected
dependencies of the effective temperature on time for 1e/ltk = 10
were calculated. The distribution of temperature along the
surface and in depth was found by numerical solution of
the equation of thermal conductivity with constant coefficients. A
stable solution was obtained, taking into consideration the daily
and orbital revolution of Mars for several Martian summers with
an amount of the parameter of thermal lag of 0.005. Comparison
of the measured and computed amounts of temperature shows that
the temperature determined as a result of experiment 1s basically
close to the calculated temperature. Decrease in temperature iﬁgﬁ
toward the dial may be caused by inaccurate knowledge of the
level of the side lobes or by the chosen model of a smooth surface

with a homogeneous surface layer.



As a result of measurements, variations of temperature from
field to field were discovered. Regions were noted where local
amounts of effective temperatures differ from the average latitude
amounts by an amount of up to 10-15°K. In addition, some corre-
lation is also observed between local variations of temperature
and permittivity regarding average amounts of these
parameters. Regions with greater amounts of ¢ have, as a rule, a

higher temperature. These characteristics require additional
investigations.
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Fig. 3. Dependence of and T on measurements. Sessions of Feb-
ruary 16 (A) and February 28, 1972 (B).

(Deszgnaflons are the same
as dAn Flg. 2.)
a - Hellas Yaonis Regio, b — Mare Hadriacum, ¢ - Tapagia, d - Denotria
Crocea, e - Syrtis Major, f - Antigones, g - lMeroe, h - Mare Erythra-
eum, i - Pyrrhae Regio, j - Marvarltlfler Sinus,

k - Aram-Chryse,
1~ 0Oxia Palos, ia Oxia .



Thus, as a result of the experiment, variations of tempera-
fure and permittivity of the Martian soil along the

trail of the field of vision were determined.

The experience accumulated shows the prospects for radio-

astronomical studies of Mars from on board its artifieisl
satellite.

Date of recelpt
April 10, 1973



h,

REFERENCES
V. L. Moroz, L. V. Ksanfomaliti, Icarus, 17, No. 2, 408,
1972.
A. Ye. Basharinov et al., Icarus, 17, No. 2, 510, 1972
V. 8. Troitskiy, Astron. Zh., 31, 511, 1954.

V. D. Krotikov, 0. B. Shchuko. Report at the Symposium on
Physics of the Moon and Mars, Kiev, October 1972.

Yu. N. Vetukhnovskaya, A. D. Kuz'min, B. Ya. Losovskiy.
Report at the Symposium on Physics of the Moon and Mars,

Kiev, October 1972.

V. S. Troitskiy, Astron. Zh., 17, No. 2, 384, 1970.





